ELECTRICAL WIRING OF SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon Japanese Patent 
Application No. Hei. 11-234272 filed on August 20 , 1999, the 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention generally relates to 
semiconductor devices with electrical interconnect leads and 
manufacturing methods of the same. More particularly, the 
invention relates to electrical wiring leads with a lead pattern 
comprised of an aluminum (Al) wiring layer and interlevel via 
holes as filled with certain materials less in self-diffusion 
coefficient than Al, such as tungsten (W) or else. 

2 . Related Art: 

In recent years, as semiconductor integrated circuit 
(IC) products increase in functionalities and operation speeds 
required, microf abrication and multilayer lamination 
architectures are becoming more important in the manufacture 
of semiconductor IC devices. To fabricate highly integrated 
semiconductor IC chips with a minimum feature size of 0.5 
micrometers (/im) or less, multilevel interconnect lead wires 
made of aluminum ( Al ) alloys are typically employed while tungsten 
(W) is used as wire material as hole portions. 



Highly integrated IC chips with use of such electrical 
wire materials are faced with risks of reduction in 
electromigration (EM) lifetime. The EM lifetime reduction can 
often occur due to the so-called Kirkendall effect , which takes 
5 place upon usage in combination of certain materials with an 
increased difference in self-diffusion coefficient therebetween. 
The EM lifetime reduction is a serious bar to achieve higher 
reliability of wire material. 

One typical prior known approach to preventing 

10 excessive decrease in lead pattern width i.e. pattern 

thinning otherwise occurring due to surface reflection of 

an Al alloy during fabrication of Al-alloy wiring leads by 
photolithographic patterning techniques is to employ a device 
structure with an antiref lection film made of a lamination of 

15 titanium nitride (TiN) and titanium (Ti) disposed on a lead pattern 
surface. Unfortunately this approach suffers from a problem as 
to the EM lifetime reduction. This can be said because , as known 
among those skilled in the semiconductor art, a chemical reaction 
layer of Al and Ti ( such as TiAl 3 film or the like) could be formed 

20 on such lead pattern surface, which layer badly serves as a route 
or path that causes accelerated outdif fusion of copper (Cu) as 
has been doped into the Al-alloy layer. The creation of such 
Cu diffusion path undesirably hasten reduction in EM lifetime 
due to the Kirkendall effect. In order to lower the drift speed 

25 r of Al used for the lead pattern, let the Al-based leads contain 
Cu inherently less in drift speed to thereby eliminate generation 
of voids due to Al diffusion. Here, Cu is outdif fused with the 
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reaction layer (TiAl 3 or else) being as its diffusion path, 
resulting in a decrease in Al-drift suppression effects. This 
Al-drift suppression in turn causes the EM lifetime reduction 
stated supra . 

5 To improve the EM lifetime of on-chip interconnect leads , 

the following discussion was made. 

It has been stated that formation of the reaction layer 
(TiAl 3 or else ) is considered to be formed mainly due to the presence 
and behavior of Ti in the antiref lection film. In light of this , 

10 consideration was given to reducing the thickness of aTi thin-film 
of the TiN/Ti antiref lection film which is widely employable 
as the currently available antiref lection film structure while 
subdividing the reaction layer serving as the Cu diffusion path 
into several spaced-apart portions or "segments." However, 

15 this approach results in that any expected reaction layer 
segmentation effect does not come without accompanying a limit 

in Ti film thickness settings that is, such segmentation is 

attainable only when letting the Ti film measure 5 nanometers 
(nm) or less. This undesirably requires the use of special 

20 thin-film fabrication apparatus or equipment with difficulties 
in achieving accurate film thickness control procedures. 

Another method was also studied for excluding or 
"depleting" Ti of such antiref lection film to provide a 
single-layered TiN layer structure. Unfortunately, this 

25 approach results in creation of a problem that the via-hole 
resistivity increases rather than decreases. Such via-hole 
resistance reduction is due to formation of an aluminum nitride 
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(A1N) dielectric layer at the interface between TiN and Al films . 
More specifically this would take place due to occurrence of 
electrical interconnect defects between W and Al within via holes 
as resulted from AlN formation and/or via-hole fabrication 
5 failures occurring due to the fact that AlN acts as an etch stopper 
during fabrication of via holes. Although additional 
experimentation was conducted with respect to certain 
single-layered wiring leads employing similar structures, this 
also resulted in a significant decrease in EM lifetime. 

10 To investigate the cause of such results , consideration 

was given to the process for fabrication of the TiN layer. See 
FIG. 16, which depicts one process step of forming such TiN film. 

As shown in FIG. 16, the TiN film 50 is manufactured 
through sputtering using a Ti target 51 in the atmosphere of 

15 a mixture of nitrogen (N 2 ) and argon (Ar) gases. At this time, 
inclusion of N 2 in the sputtering atmosphere would result in 
production of nitrogen radicals in a reactive sputtering plasma. 
These nitrogen radicals behave to nitride the surface of an Al 
pattern 52, which leads to formation of a dielectric layer of 

20 AlN. This suggests that avoiding formation of such dielectric 
AlN layer may lead in principle to improvement in EM lifetime. 

Additionally, one prior known technique for suppressing 
such AlN formation is disclosed, for example, in Japanese Patent 
Laid-open No. Hei. 7-99193. The technique as taught by this 

25 Japanese document is such that a TiN film is formed on the surface 
of an Al lead pattern at low temperatures of 150 °C or less to 
thereby decrease the chemical reactivity of residual nitrogen 
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radicals created in a plasma with respect to Al, which in turn 
suppresses fabrication of an A1N layer. Regrettably, this 
technique remains deficient in A1N formation suppress ibility. 
Another problem faced with the technique is that Ti becomes harder 
5 in diffusion into Al material. This can be said because the TiN 
film being formed on the Al pattern surface is typically made 
of a chosen material that is high in diffusion block or "barrier" 
performance. This makes it impossible or at least greatly 
difficult to obtain the intended effect of lowering an interface 

10 energy between TiN and Al due to Ti diffusion this is inherently 

expected owing to insertion of the Ti film between Al and TiN 

films and the effect of enabling successful fulfillment of 

voids or holes within Al materials by means of Ti diffusion. 

15 SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-noted technical background , and its object is to suppress 
formation of an A1N layer overlying the surface of an Al containing 
lead pattern of a semiconductor device to thereby increase the 

20 EM lifetime of electrical interconnect leads used therein. 

In order to attain the foregoing object, in accordance 
with a first aspect of the invention, a method of manufacturing 
a semiconductor device including on a semiconductor substrate 
semiconductor elements and Al alloy wiring leads as electrically 

25 connected to such elements is provided, which method includes 
the steps of forming on or over the semiconductor substrate an 
Al alloy layer that contains therein a chosen metal with increased 
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Al migration suppressibilities and then forming over the Al alloy 
layer a TiN film with increased chemical reactivity through 
sputtering processes while a direct current (DC) power of 5.5 
watts per square centimeter (W/cm 2 ) or less is applied thereto. 
5 The use of such reactivity-rich TiN film overlying the 

Al alloy layer makes it possible to subdivide a reactive layer 
of Al and Ti into several spaced-apart segments. Whereby, the 
reactive layer will no longer serve as any diffusion path, which 
makes it possible to preclude any metals such as Cu for use in 
10 suppressing movement or migration of Al contained in the Al alloy 
layer f rom diffusing with the reactive layer being as its diffusion 
path. 

In accordance with a second aspect of the invention 
as disclosed herein, a semiconductor device manufacturing method 
15 is provided including the steps of forming an Al alloy layer 
on or above a semiconductor substrate, and forming a TiN film 
over the Al alloy layer through sputtering with TiN being as 
a target and also with no N 2 gases introduced into the atmosphere 
concerned. 

20 With effectuation of the sputtering process precluding 

introduction of N 2 gases into the atmosphere with the TiN being 
as a target, it becomes possible to fabricate the intended TiN 
film on or over the Al alloy layer without suffering from creation 
of nitrogen radicals. This makes it possible to prevent or at 

25 least greatly suppress unwanted fabrication of AlN otherwise 
occurring due to chemical reaction of such nitrogen radicals 
with Al involved. Another advantage of the invention lies in 
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an ability to attain an anti-reflection film structure 
constituted from a single film of a chosen material such as TiN, 
which in turn makes it possible to avoid the problem faced with 
the related art due to formation of a reflective layer made of 
5 Ti in prior known TiN/Ti antiref lection film structures , which 

layer could serve as a diffusion path that is , the risk of 

outdif fusion of a metal contained in the Al alloy layer for use 
in suppressing Al migration, such as Cu or the like, with the 
reaction layer being as its diffusion path. 

10 In accordance with a third aspect of the invention, 

in cases where a TiN film as formed on or over the surface of 
a Ti target is aimed as a target, sputtering is carried out in 
a way such that introduction of N 2 gases into the atmosphere is 
eliminated while permitting introduction of N 2 gases thereinto 

15 after spin-out removal of TiN components on the Ti target surface . 

With such an arrangement , upon startup of the sputtering treatment , 
sputtering is done with the TiN film formed on the Ti target 
surface being as a target, which makes it possible to fabricate 
the intended TiN film without formation of A1N on the Al alloy 

20 layer surface while at the same time enabling establishment of 
any desired thickness of the resultant TiN film because of the 
fact that the sputtering will thereafter be replaced with reactive 
sputtering with Ti being as the target. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

These and another objects , features and characteristics 
of the present invention will be appreciated from a study of 
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the following detailed description, the appended claims, and 
drawings, all of which form parts of this application* In the 
drawings, same portions or corresponding portions are put the 
same numerals each other to eliminate redundant explanation. 
5 In the drawings : 

FIG. 1 is a sectional view illustrating an overall 
structure of a semiconductor device fabricated by a manufacturing 
method in accordance with a first embodiment of the present 
invention; 

10 FIG. 2 is a partial enlarged sectional view of certain 

part of the semiconductor device shown in FIG. 1, which is adjacent 
to an electrical wiring lead 13 thereof; 

FIGS. 3A to 3C, 4A-4C and 5A-5C are sectional views 
illustrating manufacturing steps of the semiconductor device 

15 of FIG. 1; 

FIG. 6 is a graph showing characteristics of a TiN film 
13d with increased chemical reactivity in accordance with the 
first embodiment in comparison with one typical TiN film of the 
related art that is high in barrier performance; 
20 FIG. 7A is a graph showing a micro-Auger depth profile 

obtained when the reactivity-rich TiN film 13d is employed; 

FIG. 7B is a graph showing a micro-Auger depth profile 
obtained when the high barrier-performance TiN film is employed; 

FIG. 8 is a graph demonstrating an experimentation 
25 result of X-ray diffraction (XRD) analysis on a layer of Ti-Al 
alloy; 

FIG . 9 is a graph showing a relation of a DC power density 
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versus a thickness of a reactive film 2 0 during sputtering; 

FIG. 10 is a graph showing a relation of a thickness 
.of the reactivity-rich TiN film 13d versus a thickness of the 
reactive layer 20; 
5 FIG. 11 is a graph showing a relation of a film 

fabrication temperature of the TiN film 13d and a composition 
ratio of an A1N film as formed at an interface between the TiN 
film 13d and an Al-Cu film 13c; 

FIG. 12 is a graph showing a relation of AlN composition 
10 ratio versus EM lifetime; 

FIG. 13 is a graph showing an average thickness of an 
AlN film 13e fabricated in case the AlN composition ratio is 
changed in value; 

FIG. 14 is a graph showing the resultant EM lifetime 
15 in case electrical leads are formed by methodology embodying 
the invention in comparison with that of one typical related 
art ; 

FIGS. 15A and 15B are diagrams each showing a pictorial 
representation of sputtering treatment in accordance with a 
20 second embodiment of the present invention; and 

FIG. 16 is a pictorial representation of sputtering 

treatment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 (First embodiment) 

Referring to FIG. 1, there is shown a complementary 
metal oxide semiconductor (CMOS) transistor with a self- ali gned 
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sili cide or "salicide" structure as an example of the 
semiconductor device in accordance with one preferred embodiment 
of the present invention. 

The CMOS transistor structure shown herein includes 

5 a silicon substrate 1 of a selected conductivity type here, 

p-type having its top surface in which a lightly doped n 

(n~)-type semiconductor well region 2 and p"-type well region 
3 are formed. The CMOS structure is generally structured from 
aP-typeMOS (PMOS) transistor and an N- type MOS (NMOS) transistor, 

10 wherein the former is in the n~-type well region 2 whereas the 
latter is inp~-typewell region 3 . These PMOS and NMOS transistors 
are electrically isolated from each other by an element separation 
layer 4 formed of a shallow trench isolation (STI) film, which 
is formed in the surface of silicon substrate 1 at a boundary 

15 of n~ and p"-type well regions 2,3. In view of the fact that 
the PMOS and NMOS transistors are similar in principal structure 
to each other with the conductivity types being different from 
each other, only the structure of PMOS transistor will be set 
forth in detail below. 

20 As shown in FIG. 1, the PMOS transistor includes a gate 

electrode 6 that is insulatively formed over the n~-type well 
region 2 with a gate oxide film 5 sandwiched therebetween. This 
gate electrode 6 has opposite side walls on which oxide films 
7 are formed. The sidewall oxide films 7 are self -aligned with 

25 spaced-apart heavily-doped p (p + ) type semiconductor diffusion 
layers 8, 9 as formed in the n"-type well region 2 in silicon 
substrate 1 for use as source and drain, with a substrate surface 
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portion between these source/drain diffusions 8, 9 being as a 
channel region. The source/drain diffusions 8, 9 have terminate 
ends far from the gate electrode 6 , which are in contact with 
the STI films 4 for electrical isolation of elements involved. 
5 Additionally the PMOS transistor comes with a couple of p-type 
layers 10 which are at inside ends of source/drain diffusions 

8, 9 namely at the opposite sides of the channel region. The 

p-type layers 10 are for use as electric field relax layers. 

The gate electrode 6 is associated with a silicide film 

10 6a as formed on the top surface thereof. Similarly the 
source/drain diffusions 8, 9 have silicide films 8a, 9a formed 
thereon. These silicide films 6a, 8a and 9a are for use as 
electrical contacts. Whereby, the PMOS transistor with the 
salicide structure is thus arranged. 

15 As shown in FIG. 1 an interlayer dielectric ( ILD ) film 

11 is formed by interlevel dielectric deposition techniques over 
the silicon substrate 1 including the PMOS/NMOS transistors. 
The ILD film 11 may be a boron phosphorus silicate glass (BPSG) 
film or a tetra-ethyl-ortho-silicate (TEOS) film or the like. 

20 The ILD layer 11 has contact holes filled with plugs 12 made 
of tungsten (W) , through which plugs the source/drain diffusions 
8, 9 are electrically connected to a first-level wiring layer 
13 made of an aluminum (Al) alloy. 

The first-level Al-alloy wiring layer 13 is designed 

25 to have a multilayer structure. One exemplary structure of 
Al-alloy wiring layer 13 is shown in FIG. 2, which depicts an 
enlarged sectional device structure different from that shown 
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in FIG. 1 . Arrows are used herein to indicate a flow of electrons 
("e~"). As apparent from viewing FIG. 2, the first Al-alloy wiring 
layer 13 consists essentially of a lamination of multiple films: 
a titanium (Ti) film 13a with a thickness of approximately 20 
5 nanometers (nm), titanium nitride (TiN) film 13b with a thickness 
of about30nm, aluminum-copper (Al-Cu) film 13c having a thickness 
ranging from about 450 to 900 nm, and TiN film 13d with a thickness 
of about 30 to 40 nm. These films 13a-13d are laminated in the 
order in which they are stated herein, with a width of about 

10 0.4 to 0.6 micrometers ( /im) . The Al-Cu film 13c is typically 
made of Al with Cu contained therein at 0 . 5 weight percent (wt% ) . 

As shown in FIG . 2 the first-level Al-alloy wiring layer 
13 further includes an aluminum nitride (AlN) film 13e lying 
between the Al-Cu film 13c and TiN film 13d. Very importantly 

15 this AlN film 13e is less in thickness than that in the related 
art. In addition, an array of spaced-apart chemical reactive 
layer components or "islands" 20 is distributed so that the array 
extends from TiN film 13d toward Al-Cu film 13c. The island-like 
reaction layer 2 0 may be made of TiAl 3 or other similar suitable 

20 materials. Unlike prior known TiN/Ti antiref lection film 
structures employing a continuous or "integral" reaction layer, 
the use of discontinuous island-like distribution or 
"segmentation" of the thin reaction layer 20 makes it possible 
to prevent such layer 2 0 from serving as any Cu-dif fusion path. 

25 This in turn makes it possible to successfully suppress or minimize 
any possible Al drift, thus enabling improvement in resultant 
electromigration (EM) lifetime. 
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As better shown in FIG . 1, a second-level Al-alloy wiring 
layer 15 overlies the first-level Al-alloy wiring layer 13 with 
an ILD film 14 sandwiched therebetween. The ILD film 14 may be 
a TEOS oxide film or else. Further formed over the second Al-alloy 
5 wiring layer 15 is a third-level Al-alloy wiring layer 17 with 
an ILD film 16 made of TEOS oxide or the like being laid between 
them. These second and third Al-alloy wiring layers 15, 17 are 
similar in structure to the first Al-alloy layer 13 discussed 
previously. 

10 The third Al-alloy wiring layer 17 has its surface that 

is covered or coated with a protective film which is comprised 
of a lamination of P-TEOS film 18 and P-SiN film 19 as shown 
in FIG. 1. The CMOS transistor structure embodying the invention 
is arranged in the way stated above. 

15 A process of manufacturing the CMOS transistor device 

shown in FIGS. 3A-5C will be described with reference to FIGS. 
3A-3C, 4A-4C and 5A-5C below. These diagrams illustrate , in 
cross-section, some of the major process steps in the manufacture 
of the CMOS transistor device. 

20 [Step shown in FIG. 3A] 

Firstly, as shown in FIG. 3A, a semiconductor substrate 

1 here, silicon (Si) substrate of p type conductivity is 

prepared. Then, a thermal oxide film 30 made of Si0 2 or else 
is fabricated on the top surface of Si substrate 1; further, 

25 a silicon nitride (SiN) film 31 is formed on thermal oxide film 
30. And, through photolithography process, the Si0 2 film 30 and 
SiN film 31 are patterned to have openings or via-holes at their 
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selected portions overlying specified regions in which the STI 
film portions 4 (see FIG. 1) will later be formed. Thereafter , 
etching is conducted to the Si substrate 1 so that its corresponding 
surface portions of a predetermined depth are removed away to 
5 thereby pattern trench-like grooves 32 for electrical element 
isolation. At this time, appropriate process control is done 
to permit these trenches 3 2 to have a depth of about 0.3 to 0.6 
flm to ensure that the intended element isolation is established 
at element sections. 

10 [Step shown in FIG. 3B] 

Then, as shown in FIG. 3B, thermal oxidation is 
effectuated causing a thermal oxide film 33 to be fabricated 
on an inner wall of each trench 32 while at the same time letting 
trench 32 be rounded in inside profile. Thereafter, a TEOS film 

15 34 is deposited on the overall surface of the Si substrate 1 
thereby letting trench 32 be filled with theTEOS film. Preferably 
the TEOS film 34 may be HTO-TEOS , LP-TEOS , 0 3 -TEOS or other similar 
suitable materials. 

Next, let the resulting TEOS film be subjected to 

20 chemical-mechanical polishing (CMP) treatment with the SiN film 
31 being used as a stopper, for planarization of the entire surface 
thereof. Whereby, TEOS film portions reside only within the 
trenches 32; the STI film 4 is thus formed in the individual 
one of trenches 32 in Si substrate 1. 

25 [Step shown in FIG. 3C] 

Then, as shown in FIG. 3C, after having removed the 
SiN film 31 away from Si substrate 1, an n'-type well region 2 
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is formed through a photoresist process in the surface of Si 
substrate 1 at selected part corresponding to a specified region 
in which the PMOS transistor will be formed at a later process 
step. Thereafter, through photolithography process again, a 
5 P~-type well region 3 is formed therein at another part 
corresponding to a specified region in which the NMOS transistor 
will later be formed. 

The Si0 2 film 3 0 is then removed by known wet etch 
techniques . Then, sacrificial oxidation or the like is done while 

10 simultaneously performing drive-in treatment to thereby improve 
the surface conditions of resultant n'-type well region 2 and 
p'-type well region 3. Thereafter, a gate oxide film 5 is 
fabricated by thermal oxidation techniques. 

Then, a polycrystalline silicon or "polys ilicon" film 

15 is formed on the gate oxide film 5 to a predetermined thickness 
of about 0.3 5 /im, or more or less . And, through photolithography 
process, a patterned gate electrode 6 is fabricated on gate oxide 
film 5 . 

Next, an electrically insulation or dielectric film 
20 is deposited on the entire surface of Si wafer by chemical vapor 
deposition (CVD) techniques. This dielectric film is then 
subjected to etch-back processing using anisotropic etch 
techniques including reactive ion etching (RIE) methodology, 
thus forming sidewall films 7 on the opposite sidewalls of gate 
25 electrode 6. 

[Step shown in FIG. 4A] 

Thereafter, as shown inFIG. 4A, the so-called "through" 
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film is fabricated by thermal oxidation, which film is for use 
during ion implantation processes. After fabrication of this 
film, the Si substrate 1 is coated with a photoresist film in 
the NMOS transistor later-formation region and NMOS transistor 
5 later- formation region thereof in this order of sequence. The 
PMOS transistor later-formation region is doped with a chosen 
impurity of p type conductivity (boron, for example) in a direction 
at an angle to the substrate surface whereas the NMOS transistor 
later-formation region is obliquely doped with n-type impurity 

10 (e.g. phosphorus). Such oblique ion- implantation of p- and 
n-type impurities is done with the gate electrode 6 and its 
associated sidewall films 7 being used as a mask therefor, which 
results in fabrication of electric field relaxation layers 10 
on the opposite sides of gate electrode 6. These electric field 

15 relax layers 10 are placed at locations in close proximity to 
inside of gate electrode 6 and are substantially self-aligned 
with the overlying gate sidewall films 7 as shown in FIG. 4A. 

Further, the NMOS transistor later-formation region 
and PMOS transistor later- formation region of Si substrate 1 

20 are sequentially coated with photoresist films in this order. 
A chosen p-type impurity (e.g. boron) is heavily doped into the 
PMOS transistor later-formation region to an increased 
concentration in a direction at right angles to the substrate 
surface; an n-type impurity (e.g. arsenide) is heavily doped 

25 into the NMOS transistor later-formation region in the 
perpendicular direction to the substrate surface. Such 
perpendicular ion-implantation of p- and n-type impurities is 
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carried out with the gate electrode 6 and sidewall films 7 being 
used as a mask, thereby fabricating spaced-part source/drain 
layers 8 , 9 in Si substrate 1 on the opposite sides of gate electrode 
6. Thus, the intended lightly doped drain (LDD) gate structure 
5 is completed . 

After having removed the "through" film, the resultant 
device structure is subject to titanium silicidation in a way 
which follows. A titanium (Ti) film and titanium nitride (TiN) 
film are sequentially fabricated on the entire wafer surface. 

10 Then, perform rapid thermal appealing (RTA) in argon (Ar) gaseous 
atmosphere causing reaction for silicidation. Next, form 
titanium silicide (TiSi) films 6a, 8a and 9a on resultant exposed 
surfaces of the LDD gate electrode 6 and source/drain diffusions 
8, 9, respectively. 

15 Note here that the thermal processing for silicidation 

is done at relatively low temperatures less than or equal to 
700°C. This low temperature setup is for suppressionof excessive 
upward growth or "rise-up" of silicide to the sidewall films 
7 and for prevention of unwanted reaction of sidewall films 4 

20 with Si plus for minimization of undesired change-in-quality 
or "transformation" of TiSi 2 from C49 into C54 phase. 

Then, perform selective etching using a fluidal mixture 
of ammonia and hydrogen peroxide water to thereby remove those 
portions of the Ti and TiN films which are free from silicidation 

25 reaction. After completion of such selective etching, only the 
TiSi films 6a, 8a and 9a remain. The salicide structure is thus 
completed. 
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Thereafter, let the TiSi films 6a, 8a and 9a again 
undergo RTA treatment (second RTA process) at a temperature of 
about 850°C for reduction of electrical resistivity thereof. 
[Step shown in FIG, 4B] 
5 Subsequently, as shown in FIG. 4B, a dielectric film 

11 such as BPSG or TEOS film or else is deposited on the entire 
wafer surface, followed by planarization of the dielectric film 
11 by CMP techniques. 

[Step shown in FIG. 4C] 
10 Then, as shown in FIG. 4C, contact holes are 

photolithographically formed in the dielectric film 11. And a 
Ti film 12a and TiN film 12b are sequentially laminated within 
a respective one of the contact holes, which films are for use 
as a bond layer and a barrier metal . Further buried in each contact 
15 hole is a tungsten (W) layer 12c, which is stacked on the barrier 
metals 12a and 12b. Whereby, each contact hole is filled with 
a lamination of barrier metals 12a and 12b and W layer 12c. 

Thereafter, the barrier metals 12a and 12b and W layer 
12c are subject to etch-back treatment causing these components 
20 12a and 12c to reside only within contact holes. This results 
in fabrication of W plugs 12 with electrical connection to the 
source/drain diffusions 8, 9 and others. 
[Step shown in FIG. 5A] 

As shown in FIG. 5A, for fabrication of first-level 
25 Al-alloy wiring leads 13, a multilayered metallic film is formed 
on the entire wafer surface. This metal film includes a Ti film 
13a having a thickness of about 30 nm, a TiN film 13b with a 
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thickness of about 20 nm, and an Al-Cu film 13c with a thickness 
ranging from about 450 to 900 nm, these films 13a-13c being 
sequentially laminated over each other in this order. 

Subsequently, a TiN film 13d is formed by sputtering 
5 techniques on the Al-Cu film 13c to a thickness of about 30 to 
40 nm. At this time, N 2 -added reactive sputtering is carried 
out while controlling the DC power so that it stays at or less 
than about 5.5 W/cm 2 . Other chamber conditions during the 
sputtering are as follows: Temperature is less than or equal 

10 to about 180°C / pressure is at about 5.5 mTorr, Ar gas flow rate 
is set at about 9 0 seem, and N 2 gas flow rate is about 9 0 seem. 

With the DC power potentially lowered to less than the 
specified value during reactive sputtering, it is possible to 
fabricate the intended TiN film 13d with increased chemical 

15 reactivity say, "reactivity-rich" TiN film. While at this 

step an AlN layer 13e can be formed at an interface between the 
TiN film 13d and Al-Cu film 13c, such layer 13e stays less in 
thickness as will be discussed in detail later in the description. 

Here, for purposes of facilitation of understanding 

20 of the invention, reference is made to FIG. 6. This diagram is 
a graph showing a characteristic of the reactivity-rich TiN film 
13d as fabricated by the manufacturing method embodying the 
invention in comparison with that of one typical prior known 
TiN film that is less in chemical reactivity and high in diffusion 

25 block or "barrier" performance. This graph shows 

experimentation results of samples or specimens prepared -one 

is for the embodiment , and the other is for the related art— —each 
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of which includes a TiN film alone, and plots therein several 
values of constraint or bound energy shift amounts of those 
electrons staying at the T12P3/2 level of Ti atoms of such TiN 
film due to chemical linkage with nitrogen (N), as measured by 
5 X-ray photoelectron spectroscopy (XPS) method. As apparent from 
viewing this graph, a barrier-rich/reactivity-poor TiN film of 
the related art measures 1.51 electron volts (eV) in chemical 
shift at TiP3/2 level whereas the reactivity-rich TiN film 13d 
of the embodiment is as low as 1.32 eV. This suggests that the 

10 coupling or bond state between N and Ti is weak, which renders 
Ti of TiN readily outdiff useable into Al alloy. 

Also see graphs shown in FIGS. 7A and 7B, wherein the 
former demonstrates a micro-Auger depth profile of the 
reactivity-rich TiN film 13d formed on the Al-Cu film 13c as 

15 in the embodiment whereas the latter indicates that of the high 
barrier-performance TiN film of the related art. For purposes 
of convenience in discussion herein, the measurement values as 
plotted in these graphs are mainly resulted from observation 
of chemical reaction at an interface between Al and TiN films 

20 which are included in a three-layered lamination structure 
including Al and TiN plus Ti films over a Si substrate. Similar 
phenomenon would take place on the side of an ant iref lection 
film used. 

As apparent from this diagram, the reactivity-rich TiN 
25 film 13d is such that Ti has diffused outwardly or "outdiff used" 
from the TiN film into the Al-Cu film 13c. And such outdif fused 
Ti behaves to react with Al resulting in fabrication of a reaction 
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layer 20 that is made of a Ti-Al alloy. X-ray diffraction (XRD) 
analysis on this reaction layer 2 0 revealed the fact that it 
consists essentially of TiAl 3 as shown in FIG • 8. 

The reaction layer 20 thus fabricated functions as a 
5 strain relaxation layer for enabling reduction of the interface 
energy between TiN and Al alloy. 

Furthermore, the reactivity-rich TiN film 13d with 
enhanced chemical reactivity is such that Ti behaves to outdif f use 
into the Al-Cu layer 13c to thereby fulfill any residual voids 

10 or holes within Al-Cu layer 13c. This makes it possible to improve 
the EM lifetime along with stress migration lifetime while 
simultaneously enabling electrical interconnect lead wires to 
increase in reliability. 

An explanation will now be given of the reason why the 

15 DC power during sputtering is set at the specific value stated 
supra and also the reason why the remaining process conditions 
are set at the specific values stated previously. 

See first FIG. 9. This graph shows a relation of a 
DC power density during sputtering with a Ti film being as a 

20 target versus a film thickness of the reaction layer 20 as formed 
within Al-Cu film 13c shown in FIG. 5A. This graph well 
demonstrates that the reaction layer 20 steeply decrease in film 
thickness with a decrease in DC power after elapse of a specific 
point of DC power value of about 5.5 W/cm 2 . This suggests that 

25 Ti diffusion increases with an increase in DC power . Specifically 
setting the sputter DC power at or less than about 5.5W/cm 2 in 
this way makes it possible to likewise increase the dif f useability 
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of Ti, thus facilitating fabrication of the reaction layer 20. 

See also FIG. 10, which indicates a relation of a film 
thickness of the reactivity-rich TiN film 13d versus the reaction 
layer 20 ■ s thickness . Data plotted herein are obtained with the 
5 DC power density being set at about 5.5W/cm 2 during Ti-targeted 
sputtering. It is apparent from FIG. 10 that the reaction layer 
20 varies in film thickness with a change in thickness of 

reactivity-rich TiN film 13d especially, the reaction layer 

20* s thickness appreciably increases when the reactivity-rich 

10 TiN film 13d is more than 5 nm in thickness . This experimentation 
result makes sure that the setting of TiN film 13d' s thickness 
at 5 nm or greater permits Ti to diffuse more deeply, which in 
turn makes it possible to effectively fabricate the intended 
reaction layer 20. 

15 See next FIG. 11, which experimentally demonstrates 

a relation of a film fabrication temperature of the TiN film 
13d versus a compos ition ratio of A1N film as formed at an interface 
between TiN film 13d and Al-Cu film 13c. Additionally FIG. 12 
is a graph showing a relation of the A1N composition ratio versus 

20 the EM lifetime, and FIG. 13 shows the average film thickness 
of an AlN film 13e as formed in case the AlN composition ratio 
is changed in value. 

As apparent from FIG. 11, the AlN composition ratio 
increases with a decrease in TiN film 13d 1 s film fabrication 

25 temperature. This in turn suggests that the lower the fabrication 
temperature of TiN film 13d, the lower the ratio of nitrogen 
(N) contained in aluminum (Al) that is, the less the AlN film 
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13e formed within Al-Cu film 13c. 

On the other hand, the graph of FIG. 12 shows that the 
resultant EM lifetime increases with an increase in AlN 
composition ratio. And FIG. 13 suggests that the greater the 
5 AlN composition ratio, the thinner the AlN film 13e. It has been 
found through experimentation that letting the AlN composition 
ratio measure 1 .5 or more results in fabrication of an extra-thin 
AlN film with a thickness of 3.5 run or less. 

From the foregoing, it would be appreciated that 

10 fabrication of the reactivity-rich TiN film 13d at low 
temperatures less than or equal to 180°C to thereby increase 
the AlN composition ratio results in a decrease in thickness 
of the AlN film 13e of FIG. 5A made of dielectric material, which 
in turn makes it possible to greatly suppress unwanted contact 

15 defects at via holes otherwise occurring due to the presence 
of such AlN dielectric film 13e while at the same time improving 
the EM lifetime. 

Accordingly, specifically setting the process 
. conditions during sputtering of the TiN film 13d in the way as 

20 taught by the embodiment of the instant invention may accelerate 
diffusion of Ti into Al-Cu film 13c to thereby facilitate 
fabrication of the reaction layer 20 while at the same time enabling 
the AlN film 13e to increase in composition ratio and yet decrease 
in resultant thickness, thus improving the EM lifetime. 

25 For referencing purposes, one typical measurement 

value of the EM lifetime obtainable in case electrical lead wires 
were fabricated by the method embodying the invention is shown 
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in FIG. 14 , in comparison with those obtained in the related 
art. This graph shows on its right-hand side an EM lifetime value 
of the embodiment along with indication of an EM lifetime value, 
on the left-hand side, that was obtained in case a TiN film 
5 relatively high in barrier property was fabricated at high 
temperatures (in excess of 150°C) and an EM lifetime, at central 
part of the graph, as obtained in case a TiN film with increased 
barrier property was formed at low temperatures (less than or 
equal to 150 °C ) . This experimental results well demonstrate that 

10 the use of the embodiment method makes it possible to improve 
the EM lifetime. 

In this way discussed above, the intended multilayer 
structure is obtained including the Ti film 13a that is disposed 
beneath the Al-Cu film 13c and TiN film 13b and also the 

15 reactivity-rich TiN film 13d overlying the Al-Cu film 13c as 
better shown in FIG. 5A. 

[Step shown in FIG. 5B] 

After completion of the process of FIG. 5A, the first 
Al-alloy wiring leads 12 are fabricated through 

20 photo-lithographical patterning process. To attain this lead 
patterning, a photoresist film is first deposited on the metal 
film; then, the photoresist film is patterned defining therein 
openings at selected portions other than those to be left as 
the first Al-alloy leads 12. Thereafter, etching is done with 

25 the patterned photoresist film being as a mask to thereby remove 
away metal leads at the openings of the photoresist film. Whereby, 
only metal film portions underlying the photoresist are left, 
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resulting in fabrication of the first Al-alloy leads 12. 
[Step shown in FIG. 5C] 

Through similar processes to the first-level Al-alloy 
lead pattern 13 shown in FIGS. 4C and 5A and 5B, a second-level 
5 pattern of Al-alloy leads 15 is formed on an ILD layer 14 which 
is between such leads 15 and underlying leads 13 as better shown 
in FIG. 1. Further, a pattern of third-level Al-alloy leads 17 
is formed with an ILD film 16 laid between the second and third 
lead patterns 15, 17 (see FIG. 1). 

10 Thereafter, a lamination of protective films 18, 19 

is fabricated on the overall surface of the resultant wafer, 
thus completing the semiconductor device shown in FIG. 1. 

One principal feature of the above-noted CMOS 
transistor device manufacturing method embodying the invention 

15 is that it includes the TiN film fabrication step which forms 
the reactivity-rich TiN film 13d to a predetermined thickness 
of more than or equal to 5 nm. Letting TiN film 13d measure 5nm 
or above in thickness may permit the Al-Ti reaction layer 20 
to increase in thickness, which in turn enables successful 

20 fabrication of any intended reaction layer that is deep enough 
to reach inside of its associated Al-alloy layer. This makes 
it possible to almost completely fill any residual holes defined 
within the Al-alloy layer. 

Another principal feature of the embodiment method is 

25 that reactivity-rich TiN film 13d is formed through sputtering 
at relatively low temperatures of about 180 °C or below. With 
such low-temperature sputtering feature, it becomes possible 
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to avoid or at least greatly suppress creation of an AlN layer 
at the interface between the Al-alloy layer and TiN film. 
(Second embodiment) 

An explanation will now be given of a CMOS transistor 
5 device manufacturing method in accordance with another embodiment 
of the invention. This second embodiment is similar in process 
to the first embodiment shown in FIGS. 1-5C, except that creation 
of the AlN film 13e of FIG. 5A is suppressed or minimized in 
a different way. More specif ically, while the first embodiment 

10 method is arranged to suppress such AlN film formation by means 
of specific setup of sputtering process parameters , including 
the DC power and sputtering temperature, the second embodiment 
is such that the same results are attainable by employing a unique 
approach as will be set forth in detail below. 

15 It has been stated that the principal approach in the 

related art to forming the TiN film 13d is to employ sputter 
techniques using a N 2 and Ar mixture gas. This approach does 

not come without accompanying a penalty the N 2 gas used often 

permits creation of nitrogen radicals, which badly behave to 

20 form an AlN film 13e on the Al-Cu film 13c as shown in FIG. 5A. 

On the contrary, the second embodiment is designed so 
that as shown in FIGS. 15A and 15B, sputtering is done with no 
N 2 gases during fabrication of the TiN film 13d and, thereafter, 
sputtering with a N 2 gas introduced will be effectuated. 

25 Specifically this embodiment employs a technique which follows. 

At the process step of forming the reactivity-rich TiN 
film 13d, sputtering is carried out in an atmosphere with N 2 gas 
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introduced thereinto. This would result in fabrication of a TiN 
layer 30a on the surface of a Ti layer 30 for use as a sputter 
target due to chemical reaction with nitrogen radicals in the 
N 2 gas atmosphere during sputtering as shown in FIG. 15A. 
5 Effectuation of sputtering treatment with this TiN layer 30a 
being as the target may lead to fabrication of the intended TiN 
film. In view of this fact, recurrent execution of sputter 
processes using the same Ti target 3 0 with TiN layer 3 0a formed 
through previous sputtering can often result in the TiN layer 

10 30a at least partly removed away or "spin out" from the Ti target 
30 1 s surface at the beginning of sputtering, which in turn leads 
to fabrication of a TiN layer on the surface of Al-Cu film 13c 
without having to introducing any N 2 gases into the atmosphere. 
This precludes creation of nitrogen radicals otherwise occurring 

15 due to such N 2 in the sputtering atmosphere, thus enabling 
elimination of fabrication of A1N film 13e on Al-Cu film 13c. 

After depletion of the entire TiN layer 3 0a on Ti target 
30 through spin-out removal (or alternatively prior thereto), 
the sputtering is continued with H 2 gas introduced into the 

20 atmosphere as shown in FIG. 15B. In this way, the intended TiN 
film may be fabricated in the absence of any N 2 gas in the sputter 
atmosphere at the beginning of film fabrication 

process thereafter, a TiN film is manufactured in the presence 

of N 2 gas introduced into the atmosphere. 

25 Also note that repeated application of sputter 

processes using the same Ti target to a queue of wafers as conveyed 
on a production line in the manufacture of semiconductor devices 
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results in fabrication of a TiN layer on such Ti target through 
previous sputtering process. Utilizing this layer while 
recurrently employing on the manufacturing* line the process 
technique for preventing introduction of N 2 gases at the beginning 
5 of TiN film 13d fabrication step and thereafter permitting N 2 
gas introduction makes it possible to preclude fabrication of 
A1N film 13e on Al-Cu film 13c without having to additionally 
employ any extra processes steps of forming TiN on the Ti target 
surface. 

1 0 With such an arrangement , it becomes poss ible to prevent 

fabrication of any A1N film 13e at the interface between the 
Al-Cu film 13c and TiN film 13d. This makes it possible to avoid 
risks of electrical connection defects at via holes otherwise 
occurring due to the presence of such AlN film 13e , thereby enabling 

15 improvement in EM lifetime. 

It should be noted that although in this embodiment 
the reaction layer 2 0 of Ti and Al due to Ti diffusion will hardly 
be formed unlike the first embodiment, this reaction layer is 
the one which is preferably be formed deeply in the segmented 

20 state if it were formed if such reaction layer is not formed 

then it is possible to suppress Cu diffusion within the Al-Cu 
film 13c , which in turn makes it possible to greatly improve 
the EM lifetime. Note however that even when such Ti-AL reaction 
layer is formed , the EM lifetime improvement effect is still 

25 obtainable. 

(Other Possible Modifications) 

While the invention has been described with reference 
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to specific embodiments, the description is illustrative of the 
invention and is not to be construed as limiting the invention. 
Various modifications and applications may occur to those skilled 
in the art without departing from the true spirit and scope of 
5 the invention as defined by the appended claims. 

For example, although the second embodiment method 
shown in FIGS. 15A-15B is designed so that the sputtering is 
done while using the Ti target 30 with TiN 30a formed thereon 
only at the beginning of the process step of forming the TiN 

10 film 13d, the entirety of such TiN film 13d may alternatively 
be formed using the TiN target. 

Note here that the first and second embodiment methods 
may be combined together when the need arises so that the sputtering 
conditions for eliminating introduction of N 2 gases into the 

15 atmosphere as employed in the second embodiment may be replaced 
with those used in the first embodiment to thereby provide the 
intended reactivity-rich TiN film 13d. 

Also note that the illustrative TiN barrier film 13b 
underlying the Al-Cu film 13c shown in FIG. 2 or FIG. 5A may 

20 also be replaced with the one with increased chemical reactivities 
where necessary. If this is the case, a likewise increase in 
Ti dif fuseability is expectable, thus enabling successful 
embedding or fulfillment of any residual voids or holes within 
Al film materials. This in turn makes it possible to further 

25 .segmentation of TiAl 3 material, resulting in a further increase 
in EM lifetime. 
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